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CARBONATE COMPOUNDS IN ALLUVIAL FANS
ABSTRACT
The factors influencing the pattern of occurrence of carbonate 
compounds in some alluvial fans of northern Nevada were investigated. 
Depths from the land surface to the top of the first carbonate zone 
were measured in the field along with the pertinent physical charac­
teristics of each fan, including slope, relief, orientation, vegetal 
cover, and the megascopic petrography of the fan material. Mechanical 
analyses, insoluble residue studies, and some microscopic mineral 
identifications were made in the laboratory.
The general pattern of carbonate occurrence is most affected 
by the amount of alkalies adsorbed onto colloidal material in the 
uppermost zones of the alluvium and by capillary effects which increase 
in importance as one approaches the valley floor. Local variations, 
generally restricted to one fan, are caused by variations in alkali 
content, small differences in the degree of sorting of the material, 
lateral inflow of water from the adjacent mountains, differences in 
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PURPOSE
The purpose of this study is to determine tile relationships 
between the position of the top surface of the uppermost carbonate 
zone in the alluvial fans of the area and the physical characteristics 
of the fans, such as their sedimentary composition (including bed­
rock sources of alluvium in the adjacent ranges), geographic orien­
tation, slope, local relief, vegetal cover, and local "microclimate."
A knowledge of these relationships is useful in showing dif­
ferent ages of fan formation, local variations in absorption of 
water from the adjacent mountains, and in indicating some of the proc­
esses important in modifying the physical and chemical characteristics 
of the fan material.
Terms and expressions from geology and the soil sciences plus 
appropriate original ones are defined as used in this paper in Appen­
dix A, page 89.'
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LOCATION OF AREA
The 54-square mile northern portion of Grass Valley, Hum­
boldt and Pershing counties, Nevada, studied in this paper is 
bounded on the south by an east-west line extending from the mouth 
of Elbow Canyon in the Sonoma Range on the east edge of the valley 
(SE corner NE £ Sec. 33 T 34 N, R 38 E) due west to the flank of 
the East Range (SW corner NE * Sec. 32 T 34 N, R 37 E). The north­
ern limit is an east-west line extending from the mouth of Thomas 
Canyon in the Sonoma Range (NE corner Sec. 21 T 35 N, R 38 E) due 
west to a point on the Southern Pacific railroad (NW corner Sec. 20 
T 35 N, R 37 E) just two miles west of Winnemucca airport. The 
eastern and western limits of the area are the Sonoma and East 
Ranges, respectively, at the most distinct break in slope at the 
heads of the alluvial fans bordering the valley. This break in 
slope is usually in the vicinity of the 4800-ft. contour line.
The area is shown in Pig. 1 , page 4.
4
EMPLACEMENT AND INITIAL DISTRIBUTION
OF CARBONATE COMPOUNDS
It is important to know how carbonate compounds are intro­
duced into desert area alluvial fans such as the ones discussed in 
this paper. Original processes of emplacement will have a strong 
influence in determining how the initial distribution pattern of the 
carbonate compounds will be modified as later weathering, transpor­
tation, and soil-forming transformations occur.
The alluvial fans in the northern part of Grass Valley are 
formed of material eroded during Quaternary time. Ferguson and 
others (Ferguson, Muller, and Roberts, 1951) believe that this part 
of the valley is underlain by material similar to that now at the 
surface. This is the parent material upon which present-day soil- 
forming processes are acting.
Climate, especially precipitation and the resulting vegeta­
tion, is the most important single factor controlling the occurrence 
of calcium carbonate in soils (Lyon, Buckman, and Brady, 1952, p. 348). 
Carbonate compounds are, for the most part, formed ijn place by soil­
forming processes operating generally as follows: Soil water reacts 
with carbon dioxide from the air and soil to form a solution of car­
bonic acid: H O + CO —  > - II CO . This, being a weak acid, partially
dissociates as follows: II2C0g Il+ + HCOg“, the products being
hydrogen ions and bicarbonate ions. The bicarbonate is subject to
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further partial dissociation, forming more hydrogen ions and carbon-
combined with calcium ions derived originally from the mineral con-
Different soil types have developed on some of the alluvial 
fans in this part of Grass Valley. The main differences in carbon­
ate layers from soil to soil are differences in thickness and number 
of layers and not in the depth to the top layer (Ed Naphan, personal 
communication). This paper is concerned only with the top surface of
a study of the soils in the area is not included because soil formation 
would influence the number and thickness of these carbonate layers and 
not the configuration of the topmost zone. Such a soil study would
posits, something which is not attempted in this paper.
In addition to the calcium carbonate formed in place in the 
fans, a minor contribution is made by the carbonate deposited from
rounding ranges. However, the debris from these carbonate source 
areas that is carried by the streams during time of flood and deposited 
as alluvial fan material at the edge of the ranges is much more im­
portant. The generalized geologic map of the area (Fig. 2, p. 21, 
modified from Ferguson, Muller, and Roberts, 195l)shows the areas 
where the alluvial fans could be expected to have a higher original
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content of calcareous materials because of these effects. Since this 
study is concerned with the depth to the first definite reaction* and 
not just the existence of a discrete layer of calcareous hardpan, 
this alluvium of high original carbonate content will no doubt have a 
strong influence upon the pattern of carbonate distribution in the 
fans bordering the valley. The effect of these higher initial carbon­
ate concentrations would be to keep the shallowest parts of the carbon­
ate zone nearer the surface of the fan, for it would be nearer the 
surface to begin with, relative to the other fans. The assumption in­
volved here is that the modifying processes operate with equal inten­
sity over the whole area.
The fact must not be overlooked that these processes would have 
affected the fans throughout the entire period of their growth and not 
just after deposition to their present form was completed. For this 
reason, it cannot be assumed that the distribution of carbonate com­
pounds was uniform to begin with. Instead, an approximation of the 
initial distribution must be made so that the effect of the processes 
influencing it can be determined. Also, any changes in the processes 
themselves up to the present day must be taken into account.
It is generally accepted today that the Great Basin is becom­
ing more arid, as evidenced by the dry lake beds, the existing lakes 
whose dimensions have shrunk noticeably in historic time, and, in this 
area of Grass Valley, buried "B" horizons in some of the soil profiles
^defined in Appendix A, p. 89
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,rhich could not have formed under present conditions, but indicate a 
more humid type of climate (Ed Naphan, personal communication). This 
major climatic change no doubt modified the processes which originally 
affected the fans. For instance, one would generally expect less 
ground moisture to be available for the solution of carbonates, a less 
extensive vegetal cover consisting of arid climate plants which would 
affect the soil chemistry differently than humid climate plants, less 
use of processes depending on water for moving material, such as slump­
ing and soil creep, and the increased relative importance of mechanical 
processes like rock slides and falls. The effects of these changes 
would be, first, to allow the accumulation of calcium carbonate at 
shallow depths in the alluvium, and second, to effect the movement of 
the carbonate at irregular intervals, directly connected with periods 
of precipitation or thaw, rather than as a more or less continuous 
process.
Originally, carbonates must have been removed entirely as they 
are in humid areas today (Lyon, Suckraan, and Brady, 1952, p. 333), 
but as the climate changed and precipitation decreased more and more, 
the carbonates began to accumulate in local areas. Then, as the cli­
mate become even more arid, carbonate deposition became more general 
and subject to the controls which still affect it today: topographic 
slope, local relief, vegetation, and small differences in "microclimate" 
to mention a few.
The initial distribution pattern of carbonate then, may be re-
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garded as the result of a "building-up" process in which carbonate 
removal slowed down and finally stopped, as indicated by discrete 
caliche layers in some local areas of northern Grass Valley. This 
initial distribution pattern would have had low spots where water was 
most plentiful and drainage good, and where vegetation helped or at 
least did not hinder the removal of carbonates.
Such areas are the alluvial fans. They are generally quite 
permeable and streams from the mountains supply water after surface 
drainage on the valley floor ceases to exist. The valley, on the other 
hand, was probably the site of the first carbonate deposition as the 
climate became more arid. The valley material is not very permeable*, 
no surface streams survived the increasing aridity and probably very 
little near-surface moisture enters the valley from the alluvial fans, 
the grasses growing there would aid the accumulation of carbonates by 
returning Ca++ and other bases to the soils (Lyon, Buckman, and Brady, 
1952, p. 349), hnd finally, capillarity would bring soluble salts 
(i.e., calcium carbonate) back to the surface whenever the surface was 
alternately wetted and dried.
The initial distribution pattern of the carbonates, therefore, 
would be as follows: The top zone of carbonate accumulation would 
coincide with the surface of tile valley floor and on either side of 
the valley this zone would increase in elevation along with the alluv-
*The permeability of soil decreases with the square of the effective 
grain size (Terzoghi, 1942, p. 34l). The effective grain size of a 
soil is defined in Appendix A, p. 89.
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ial fans, but to a lesser degree. That is, it would be beneath the 
surface of the fans*
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PROCESSES MODIFYING INITIAL DISTRIBUTION 
OF CARBONATE COMPOUNDS
Alluvial fans are permeable bodies that, absorb whatever mois­
ture is available. During time of seasonal flood, any water in excess 
of the amount that can be absorbed by the fans runs off to the valley 
floor. The water absorbed is used by the plants (mostly sagebrush in 
this area) growing there and the rest evaporates. After two days and 
nights of almost continuous rain ranging in intensity from medium to 
very heavy (something very unusual for the summer months, according 
to the residents of Winnemucca), the writer dug a hole in one of the 
alluvial fans bordering the East Range, about half a mile from the 
head of the fan. Even after this period of unusually heavy rainfall, 
the fan had absorbed water to a depth of only two inches. The heavy 
growth of sagebrush in this local area reduced the runoff from the 
fan. From this it can be seen that water on the alluvial fans evap­
orates very quickly even as it is being absorbed. Capillary rise of 
near-surface moisture does not seem to exist on the fans, but it does 
exist on the valley floor. One can easily dig or auger to the cap­
illary fringe in the center of the valley.
Therefore, on the alluvial fans in the area, downward leaching 
of carbonates by water (from whatever source) is the major process 
changing the initial distribution pattern of carbonate compounds, with 
emplacement of carbonates by moisture rising toward the surface of the
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fan because of capillary forces being negligible. One would expect 
capillarity to become increasingly important, however, as the lower 
parts of the fans and adjoining valley floor are approached because 
the water table is nearer the surface and the material contains a 
greater percentage of fine material which would create more capillary- 
size openings. These conclusions have been substantiated for sedi­
mentary deposits in general. Foster (1942, p. 648) states: "The 
solution of calcium carbonate, with some magnesium carbonate, is 
therefore the primary action when meteoric waters containing in sol­
ution carbon dioxide from the air and soil pass down through sedi­
mentary deposits."
In addition to composition and texture of the parent material, 
Flint (1949, p. 297) considers climate, topography (especially surface 
slope), position of the water table, and time to be important factors 
in determining the depth of leaching in glacial deposits. Because of 
the approximate similarity between the alluvium in this area and some 
glacial deposits, especially in the degree of sorting, these some 
factors should be expected to be important in the present problem.
They are considered elsewhere in this paper.
For the actual process of leaching to be effective, acid con­
ditions must prevail. In alkaline solutions in which most of the car­
bonate exists as carbonate ion, CO , ". . .the solubility of calcium 
carbonate. . .is less than 0.001 g/l. This is less than 1 part per 
(Pauling, 1952, p. 469). But in slightly acidic solutionsmillion
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(e.g., pH =• 6.3), most of the carbonate exists as the bicarbonate ion, 
HCOg , and the solubility of calcium carbonate is about 1.0 g/l or 
about 1000 parts per million (Pauling, 1952, p. 471).
The following description of the leaching process is taken 
mostly from Flint (1949): Rainwater is not saturated with calcium 
bicarbonate as it strikes the ground, but it usually does contain 
appreciable amounts of carbon dioxide, dissolved from the air, making
a dilute solution of carbonic acid, HgC0g. (Hg0 + C0g ---- CO )
The absorbed water dissolves the carbonate near the ground surface 
and carries it downward in solution until the water becomes saturated 
with it. At this point, calcium carbonate is precipitated as a fine 
powder, sometimes eventually forming continuous beds ("caliche"), be­
cause of evaporation of the water before it reaches the water table 
(note absorption depth of two inches, p. ll) and neutralization of 
the acid solution by the soil material which is alkaline because of 
adsorbed bases, a common condition in arid and seraiarid soils. This 
precipitated carbonate is in addition to any primary carbonate that 




Plate 2 (pocket) is a general map of the area, contoured to 
show depth in inches from the land surface to the first definite re­
action* as measured with 1.0 normal hydrochloric acid. The approx­
imate scale of the figure is 1*40,000 and corresponds to one-half 
the scale of the 9 x 9  contact prints of aerial photographs of the 
same area.
The contour interval of the diagram is five inches. One-inch 
contour lines, if desired, must be interpolated and at best are only 
approximate. If one attempts to draw one-inch contour lines from 
actual field data, major patterns are obscured and small, uncertain 
local effects are introduced into the figure because the one-inch con­
tour interval is the same or less than the order of accuracy of the 
depth measurements as noted in the section on sampling methods, p. 38. 
In other words, there is a point beyond which further measuring and 
plotting of depths-to-carbonate will tend to obscure rather than eluci­
date the regional pattern of the carbonate surface* shown in Plate 2.
In determining the depth-to—carbonate on the alluvial fans,
1 .0  normal hydrochloric acid was run down the side of the shovel hole 
in an almost continuous stream until the first definite reaction was 
noted. Along the toes of the fans, on the floor of the valley, and
^defined in Appendix A, p. 89
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wherever else samples were obtained from auger holes, each 4-inch 
sample was tested with acid and the depth-to-carbonate was taken 
either as the depth of the sample giving the first definite reaction 
or as the depth halfway between this sample and the one immediately 
above it, depending on the individual doing the field work. In 
either case, the depth values from auger holes disagreed by no more 
than 2.0 inches where the measurement was repeated by two different 
individuals. The depths to the first definite reaction with acid, 
in inches, are the values plotted and contoured in Plate 2.
General Character of the Carbonate Surface
In the eastern part of the area, where the fans border the 
Sonoma Range, the depth-to-carbonate contours in the 5 to 20 inch 
range generally form a linear pattern at or near the toes of the 
fans, parallel to the mountain front. Occasionally the pattern forms 
a salient or recess outward or inward either away from or toward the 
mountain front, especially in the northeast part of the figure.
Toward the southeast there are some local, roughly circular areas in 
the diagram, most of which take the form of "basins" in the carbonate 
surface, although there is one "dome."
In the western part of the area, where the fans border the 
East Range, the contour pattern also generally parallels the mountain 
front, although not so obviously as along the Sonoma Range. Roughly 
circular areas, usually larger than those along the flank of the So­
noma Range, effectively break up any strong linear pattern that might
be present. These circular areas, like those on the fans bordering 
the Sonoma Range, also tend to be "basins", although there are one 
or two "domes" present.
Tnc valley floor generally shows no distinct pattern on the 
carbonate diagram. However, there is a definite "trough" in the car­
bonate surface crossing the valley from northeast to southwest about 
one-third of the way from the northern border of the area.
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METHODS OF INVESTIGATION AND RESULTS 
Generalized Bedrock Geology
The general, megascopic petrology of the formations in the 
surrounding parts of the Sonoma and East Ranges was derived from 
field examination of actual samples taken in the type areas where 
possible. The geologic map of the area (Ferguson, Muller, and 
Roberts, 1951) was used as a guide in locating samples and in esti­
mating the areal extent of formations. Formation names and ages 
used in this paper conform with those used by the authors of this map.
The major bedrock types across which the streams flow in the 
mountains will presumably have an effect upon the configuration of 
the carbonate surface by influencing the amount of original carbonate 
compounds deposited in the adjacent alluvial fans. Also, an indirect 
effect will be the degree of alluvial sorting accomplished by these 
streams. The variations in sorting thus introduced will affect later 
movements of near-surface moisture which in turn will affect the con­
figuration of the carbonate surface in these areas. Sorting is dis­
cussed elsewhere in this paper under the detailed petrology of the 
fan materials. Brief megascopic descriptions of the main lithologic 
units follow.
Tertiary
Rhyolite porphyry. Pale purple to gray-blue, reddish cast in 
places probably indicating potash feldspar (Spock, 1953, p. 64); hard,
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aphanitic groundmass; quartz phenocrysts: anhedral, 0.5-2.Omm, aver. 
1.0 ram; occurs as dikes and as rounded, polished boulders near the 
heads of some alluvial fans in the northeast corner of the area.
Remarks: Quantitatively unimportant, occurs in limited areas 
in and at the mouth of Thomas Canyon; perhaps a minor source of al­
kalies.
Triassi c
Winnemucca fm. Quartz arenite, white to light brown; 90$ de- 
trital quartz: 0.0625—0.125 mm, rounded to subangular, mostly highly 
spherical; 8$ calcareous cement: white; 2$ limonite, in pores.
Limestone, black; aphanitic, finely-crystalline; small (l-5 mm) 
veinlets of calcite cutting the rock in all directions, calcite along 
veinlets commonly stained by iron compounds.
Graywacke, dark gray; 80$ detrital quartz: 0.125-1.0 ram, aver. 
0.5 ram, subrounded to rounded, spherical, clear; 10$ grains of chert: 
black, 0.25 mm, rounded, spherical; 5$ potash feldspar: clear, fairly 
soft; 5$ cement of micas (chlorite: faint green tinge) and silica 
(hard).
Remarks: Source of some carbonates, little or no alkalies, re­
sistant quartz supplied in abundance to the adjacent alluvial fans.
u-- Dun Glen fm. Dolomite, black; finely arenaceous to aphanitic, 
90$ detrital dolomite (where arenaceous): subrounded, euhedral; 10$ 
grains of calcite (where arenaceous): 0.5-2.0 mm, white, euhedral, 
occur along fracture zones and in veinlets 0.5-1.0 mm across; micro-
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crystalline calcite veinlets (effervescing when dilute hydrochloric 
acid is applied).
Remarks: Good source of carbonates; no alkalies; not too im­
portant quantitatively in either range.
Grass Valley fm. Siltstone (gritty) to shale (non-gritty), 
olive-drab to black; abundant mica (muscovite), subparallel; poorly- 
developed, tain (3 mm) bedding with black and orange—red iron stains 
on bedding planes.
Remarks: No carbonates; perhaps appreciable amounts of alkal­
ies; resistant material supplied to the surrounding alluvial fans. 
Permian
Koipato (?) fm. Lithic arenite, dull black; 85# chert and rock 
fragments: black, aphanitic, subrounded; 15# quartz grains: 0.25—
0.5 mm, clear, anhedral.
Remarks: No carbonates; few or no alkalies; resistant material 
supplied to the alluvial slopes.
Tallman fanglomerate. Quartz arenite, gray-brown; 95# quartz 
grains: 0.25-0.5 mm, angular to subrounded, clear; cement: silica,
very hard; 5# limonite filling the few pore spaces.
Quartz arenite, dark gray; 80# grains of quartz: 0.25-1.5 mm, 
aver. 1.0 mm, subangular to subrounded; 10# grains of potash feldspar:
2 mm, prismatic, clear; 10# feldspars (?) and limonite in matrix.
Remarks: Little or no carbonate; small amount of alkalies, per- 
haps; generally resistant material supplied to the alluvial fans.
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Carboniferous
gSEaSSLifr- * Graywacke, gray-yellow; 70$ grains of quartz:
0.5-2.0 mm, aver. 1.0 mm, subrounded, mostly milky, some clear; 30$ 
matrix of altered feldspar, limonite, and clay minerals; several 
small (1-2 mm across) veinlets filled with limonite.
Graywacke, gray-green; 85$ grains of quartz: 0.25-0.5 mm, 
subrounded to rounded, mostly clear; 15$ matrix of mica (muscovite 
and chlorite); bedding planes show a submetallic luster due to parallel 
mica flakes; slightly metamorphosed: bedding planes are slightly warped 
or "rippled" when seen in cross section.
Shale (non-gritty), olive-drab; thin-bedded (3-5 mm), black 
laminae interbedded, slickensides sometimes visible on bedding planes, 
some bedding planes show small (0.25 mm) black grains which are mostly 
biotite, parallel to the bedding.
Remarks: Not a good source of carbonate compounds; most of 
the material supplied to the alluvial slope would be resistant quartz 
and micas.
The distribution of these formations, differentiated according 
to their carbonate content, is shown in Fig. 2, p. 21 (modified from 
Ferguson, Muller, and Roberts, 1951). The streams draining these areas 
of carbonate bedrock supply additional carbonate to the adjacent alluv­
ial fans which is added to that formed in place by soil-forming process­
es. As a result, the local fan areas shown in Fig. 2 would have a
*Now considered Cambrian (Roberts, R. J. and others, 1958, p. 2827).

higher initial concentration of carbonate which would tend to keep 
the carbonate surface relatively higher in these areas than in the 
adjoining alluvial fans.
One interesting fact is indirectly shown by the map. In the 
Sonoma Range on the east, the streams are large even though inter­
mittent. They tend to carry alluvial debris out onto their fans at 
the mouths of their canyons as shown by the cone-shaped "high carbon­
ate” areas along the Sonoma Range. In the East Range, however, the 
streams are more numerous but all are small. Therefore, material, 
calcareous or otherwise, is not carried away from the edge of the 
mountains onto the alluvial fans but instead is deposited in narrow 
"zones” along the flanks of the range.
Detailed Petrology of the Fan Materials
Megascopic petrography of the fan materials. The material of 
all the alluvial fans in the area appeared to be fairly uniform in 
composition when examined in the field. The physical characteristics 
of the material, including color, cohesiveness, grain size, and acid 
reaction, were the things most often noted, while in most cases the 
mineralogical composition was assumed to be generally the same from 
place to place. This was due to the fact that, except for colluvial 
pieces of bedrock from the adjacent ranges, the material ranged in size 
from clay to silt, with occasional samples being composed mostly of 
very fine-grained sand. Examination with a lOx hand lens was not sat­
isfactory in many cases.
Small, clear or frosted grains were assumed to be quartz. 
Feldspar might be included because the small size made field identi­
fication difficult, if not impossible. Shiny flakes were taken to 
be muscovite or biotite, depending on the color and small red grains 
were noted as "chert" for the sake of briefness but almost all of 
them were probably iron compounds of one kind or another, i.e., "lim- 
onite." Finally, larger (l-4 mm), dark-colored (usually black) pieces 
of material were collectively termed "granules" for brevity also, even 
though this is not the exact size range used in the Wentworth grade 
scale for material of the same name.
Using these "working definitions", most of the samples taken 
from the alluvial fans were seen to consist mostly of very fine-grained 
sand to silt-sized quartz, while the dark-colored granules were most­
ly limestone and shale particles from the immediately adjacent ranges. 
Pebbles and cobbles were irregularly distributed, sometimes with a 
white carbonate coating on all or part of their surface and sometimes 
not. Where the pebbles were only partially coated with carbonate, how­
ever, the coating was always observed to be on the bottom of the rock 
(Fig. 3, p. 24). These partial coatings were especially noticeable on 
horizontally-bedded, platy pebbles. In these deposits , the car­
bonate-coated pebbles were always surrounded by a matrix of finer 
material. This abrupt change in particle size can cause deposition of 
carbonate compounds from solution as near—surface moisture moves down­
ward through the soil. The openings in the fine material are corres­
pondingly small, while larger openings are generally associated with
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the larger particles. This downward change from small pores to large 
ones can lead to the collection of suspended water on the bottom of 
the larger particles (Terzaghi, 1942, p. 346). With evaporation and 
neutralization of the water by the alkaline soil material, a small, 
local carbonate deposit is formed.
Figure 3. An alluvial pebble with a carbonate 
coating on its bottom half, shown in its original 
position. Paper match gives scale (about one-third 
natural size).
Soil scientists are not entirely sure of what such local deposi­
tion of carbonate may indicate, if anything. If a particle shows car­
bonate deposition on only one side, this cannot be used with assurance 
to state that water came from a certain direction. On this point 
there does seem to be general agreement.
In this part of Grass Valley, there was no systematic variation 
in grain size of the material noted in the field across the widths of 
the alluvial fans. An increase in the clay mineral content of the 
alluvium was generally noted near the toes of the fans (assumed from
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an increased cohesiveness not noticeably due to ground moisture), but 
there was no systematic variation because, as noted by Eckis (1934, 
p. 99) in alluvial fans of southern California, . .the clays and 
clayey gravels were in large part formed by decomposition of alluvium 
above the water table and were not deposited as original clays." The 
colluvial pieces of bedrock from the adjacent ranges could in all 
cases be correlated with the formations in the immediately adjoining 
portions of the mountains.
Microscopic petrography of the fan materials. The fine portion 
of some selected samples from all over the area was studied under the 
petrographic microscope by making temporary oil immersion mounts of 
the grains.
No regional "pattern" was apparent in the mineralogy of the 
samples. All the samples were composed of varying amounts of glass 
shards (very angular and pointed), quartz, some mafic minerals (e.g., 
olivine and pyroxene), some of the "heavy" minerals, and a large amount 
of isotropic and cryptocrystalline material. Feldspar is rare or ab­
sent because of a non-feldspathic source of alluvium or burial of the 
feldspar-bearing horizons beneath the sampling range used in this study. 
The maximum depth from which samples were taken is 5| feet in the center 
of the valley.
Mechanical analyses. The mechanical analyses consisted of put­
ting samples of about 100 grams through a set of standard Tyler screens 
ranging from 2.5 mesh to 250 mesh (and pan) by placing the stack of 
screens in a Ro-Tap for a standard time of five minutes. Large, soft
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peds* were broken by hand before screening was begun. Each of the 
nine fractions, or separates*, obtained from a sample was weighed and 
the weight percent of the total sample computed. These values were 
then cumulated and are presented in this paper as cumulative curves.
The discontinuity noted at the +4 phi value on these curves indicates 
that the sizes smaller than +4 ( 0.0625 mm) were not systematically 
separated in the screening process, but instead were grouped together 
and the cumulative percent plotted at +5 on the phi scale. This gives 
most of the curves a steeper slope than they would normally have at 
their upper right ends. If these smallest sizes had been differentiated 
and plotted separately, the curves would be "drawn out" to the right 
more in a rough "S" shape. All grain diameters are given in phi val­
ues on these curves to facilitate computations, but these same values 
are converted to the equivalent millimeter value on the cross-sectional 
diagrams for ease in visualizing the physical meaning of these values. 
(Sample calculations are shown in Appendix B, p. 91.)
As a summary of the information given by the cumulative curves,
cross-sectional diagrams of the traverses have been prepared showing
the top of the carbonate surface relative to the ground surface along
#the line of traverse, the variation in sorting index, So , and the var­
iation in median grain size of the alluvium. These cross-sectional 
diagrams graphically show the effect of grain size variations and qual­
ity of sorting on the vertical configuration of the carbonate surface 
by the "Qualitative Comparison" chart which is drawn (not to scale)
*defined in Appendix A, p. 89
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beneath each diagram. Actual numerical values for the sorting index, 
median grain size, and the logarithm of the sorting index are includ­
ed because graphical devices such as these curves often do not show 
subtle but important variations in the characteristics of these sedi­
ments. For detailed groundwater studies, such quantitative data is 
very important, but for the stated purpose of this paper it is unim­
portant.
Care should be exercised in studying the Qualitative Comparison 
charts. The two curves shown on each one are consistent within them­
selves but are not directly related to each other. That is, no valid 
conclusions can be drawn from the amount of separation of two corres­
ponding points on the curves because this separation is a result of ar­
bitrary plotting of the curves. The way to read the Qualitative Com­
parison charts is this: Suppose the sorting curves are studied first.
The highest point on this curve indicates the best-sorted material and 
the lowest point the worst. Then, by looking at the corresponding 
points on the "median" curve, it can be told whether the alluvium at 
these points is coarse-, medium-, or fine-grained by comparing them with 
other points jjn the median curve.
Insoluble residues. The samples of traverses 3 and 9, in addi­
tion to the other tests performed on them, were treated with hydrochloric 
acid and the insoluble residues thus obtained were studied. The per­
centages of carbonate present in the samples of traverse 3 were, with 
one exception, slightly higher than those of the samples of traverse 9.
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Considering the gross effects of processes modifying the carbonate 
surface to be the same over the whole area, a reasonable assumption 
because of the small extent of the area, then the higher carbonate 
content in the vicinity of traverse 3 must be due to the proximity of 
the "high carbonate" source area in the adjacent portion of the Sonoma 
Range (see generalized geologic map, Fig. 2, p. 21). Table I gives 
the results of the carbonate determinations and by the small increase 
in percentage of carbonate from traverse 9 to traverse 3 indicates the 
minor importance of the contributions to the carbonate content of the 
alluvium from the surrounding ranges.
TABLE I
CARBONATE CONTENT OF SELECTED SAMPLES
Traverse 3 Traverse! 9
station % carbonate station % carbonate
A 6 . 1 1 A 1.57
B 4.30 B 7.10
C 10.72 C 3.96
D 5.63 D 3.72
E 6.08 E 4.23
Cumulative weight percent curves of the insoluble residues were 
prepared and are shown on pages 58 and 79 , immediately following the 
regular curves for these two traverses. The important difference be­
tween the regular and insoluble curves is the slower "rise" of the in—
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soluble curves in some cases above the coarse-grained and medium­
grained size values and the more rapid rise above the finer-grained 
sizes (+3 to +5 phi). This indicates a breaking-down of the larger 
particles, many of which were aggregates of smaller grains that are 
cemented with something other than calcium carbonate. Perhaps the 
soil scientists' "alkali-soluble cement" is important here. However, 
the exact nature of this material is not definitely known (Ed Naphan, 
personal communication).
Surface Slopes of the Alluvial Fans
The slope of the fan surfaces, in conjunction with the vegeta­
tion density, largely controls the runoff and absorption of surface 
water and in this way exerts a strong influence on the configuration 
of the carbonate surface in any local area. Steeper slopes cause a 
greater proportion of the runoff resulting in a decrease in the depth 
of carbonate leaching. The greater amount of runoff tends to erode 
more surface material, too, causing a further decrease in the thick­
ness of the leached zone (Flint, 1949, p. 299).
Tables II and III (p. 31) show values for surface slopes at 
various places along the Sonoma and East Ranges. These slope measure­
ments were all taken from preliminary topographic maps of the area. 
(1:48,000 advance sheets published by the U. S. Geological Survey) 
About half a dozen of these computed values were compared with actual 
measurements taken in the field and were found to be either identical 
with or very nearly identical with these field measurements. Because
■ * o  a -s <n>i. O | "11. O
of the generally low relief of the fans and the constancy of their
orientations, only one slope measurement was made on each fan, per­
pendicular to the mountain fronts and contour lines in a direction 
always close to east-west except for the fans in the northwest part 
of the area, where the measurements were made in a northeast-southwest 
direction.
A comparison of the slopes of individual fans, their vegetal 
cover, and variations in depth-to-carbonate in each local area does 
not shed much light on the reasons for particular anomalies in the 
carbonate surface.
The only conclusion that can be drawn directly from these data 
is that the average depths-to-carbonate occur in areas of the lowest 
slopes, 107 ft/rai along the Sonoma Range and 36.4 ft/mi along the East 
Range. The "average" depths-to-carbonate are the approximate arith­
metic means of the maximum and minimum values in any local area.
As one traverses the alluvial fans in a direction perpendicular 
to their measured slope, that is, the line of traverse is parallel to 
the fronts of the ranges, the fan slopes vary as shown in Tables II 
and III. The depths-to-carbonate show no correlation with these varia­
tions in fan slope, however. If the slopes have any effect, it is over­
shadowed by other effects, the most important of which result from 
streams flowing into the valley from the adjacent ranges, subtle dif­
ferences in the quality of sorting of the alluvium, and initial dis­
tribution of carbonate compounds.
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SURFACE SLOPES ALONG THE SONOMA RANGE
TABLE II
location elev. diff./slope length 
(ft/mi) slope(ft/mi) (dee)
Elbow Canyon 360/1.5 240 2.62200/1.7 118 1.28
Sonoma Canyon 230/1.5 160 1.73160/1.5 107 1.17
Mullen Canyon 400/1.12 357 3.8816O/l.l 145 1.57
Dry Canyon 560/1.25 448 4.85
160/1.25 128 1.38
Thomas Canyon 600/1.25 480 5.20
200/1.65 122 1.33
TABLE III
SURFACE SLOPES ALONG THE EAST RANGE
location elev. diff./slope length slope
(ft/mi) (ft/mi) (deg)
See Ranch 280/1.0 280 3.05
80/0.5 160 1.73
east of Dun Glen 400/1.25 320 3.48
peak
1.5 miles north 400/1.0 400 4.33
of Dun Glen peak 40/1.1 36.4 0.40
3.5 miles north 200/0.5 400 4.33
of Dun Glen peak 40/0.4 100 1.08























Orientations of the Alluvial Fans
Along the Sonoma Range all the alluvial fane trend east-west 
with the exception of the Sonoma fan, which trends west-southwest.
The East Range fans likewise trend east-west except those on the 
northeast flank of the range, which trend northeast-southwest. An 
important result of this general east-west orientation is the vary­
ing exposure to sunlight, which is the chief cause of the "micro­
climates" discussed in the following section.
Elevations and Relief
The alluvial fans along the Sonoma Range have a maximum eleva­
tion at their heads of 4800-5000 ft. except for a one-mile stretch 
immediately south of Thomas Canyon which has a maximum elevation of 
5200 ft. The minimum elevations at the toes of the fans vary between 
4300 and 4400 ft. The East Range fans have a constant maximum eleva­
tion of 4800 ft. at their heads and a nearly constant minimum eleva­
tion of 4400 ft. at their toes.
This uniformity of maximum and minimum fan elevations over the 
whole area covered in this paper would seemingly discount major eleva­
tion differences as a factor contributing to variations in the carbon­
ate surface. However, small elevation differences due to local relief 
do have an effect.
The relief of the individual fans causes important differences 
in "microclimate" on each fan, especially since most of them are oriented 
east-west. Because of this, the northern slopes of the fans, being ex-
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posed to the sun less than the southern slopes, retain more of the 
moisture available to them and they retain it longer. This is shown 
especially well by the fans along the East Range where the abrupt 
cessation of vegetation at the crests of their northern slopes is 
etriking (Fig. 4). This distinctive vegetation pattern indicates
Figure 4. Vegetation pattern along the 
East Range caused by differences in microclimate.
View looking west.
that the northern slopes of the alluvial fans generally have a greater 
moisture content than the southern slopes and therefore, more leaching 
is possible. Hence, one would expect to find the carbonate surface 
lower under these northern slopes than under the southern slopes of 
the alluvial fans, i.e., not considering other processes also affect­
ing carbonate distribution.
At any one place on any of the fan surfaces, relief due to
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gullies and cuts is less than 40 ft. and except at the heads of the 
fans, right along the base of the ranges, this figure is rarely 
approached. Local, irregular stream gullies cut into the fan sur­
faces to depths always less than 5 ft. However, there are more of 
these shallow gullies on the fans of the East Range than on those 
along the Sonoma Range.
Generalized Vegetation Maps: Their Function and Importance
In general, the density of vegetation increases towards the 
toes of the fans, indicating a decreasing depth to the water table.
This "rising" water table would help explain the relative rise in the 
position of the carbonate surface near the toes of the fans, shown on 
Plate 2 (pocket), because leaching seldom occurs beneath the water 
table (Flint, 1949, pp. 299-300), providing it is fairly close to the 
land surface, as it is in the center of Grass Valley.
Plate 1 (pocket) is a reconnaissance map of the vegetal cover 
on the alluvial fans bordering the Sonoma and East Ranges in this area. 
It is not meant to be detailed in any respect, but merely shows the 
dominant type of vegetation in each area. For the purposes of this 
paper, the density of vegetation has been arbitrarily defined as fol­
lows:
light: The minimum distance between most plants
is 20 feet or more. Walking is very ease, 
driving is easy (Fig. 5, p. 35).
medium: The distance between most plants is
approximately 10 feet. Walking is easy, 
driving is fairly easy (Fig. 6, p. 35).
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Figure 5. An illustration of 
light vegetation density.
Figure 6 . An illustration of 
medium vegetation density.
heavy! The maximum distance between most plants 
is approximately 5 ft. Walking is fairly 
difficult, driving is difficult (Fig. 7).
36
The heights of different plants were not taken into account, hence 
a medium growth of a low plant, such as budsage, will appear very 
different at first glance than a medium growth of a taller plant, 
such as sagebrush. For this reason, identical growth densities of
Figure 7. An illustration of 
heavy vegetation density.
different plants will appear as different tones on aerial photographs. 
This fact was utilized in preparing the map shown in Plate 1.
The type of vegetation growing in an area can provide much 
information concerning the chemistry and colloidal characteristics 
of the soil in which it is growing. This is especially true in semi- 
arid and arid areas because the amount of precipitation exerts an im­
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mediate, strong influence on the type of vegetation the soil will 
support. The vegetation, by transferring elements into or out of the 
soil, can strongly affect the soil chemistry, especially the acidity 
or alkalinity of the material. This information indicated by vege­
tation is valuable because, for example, an alkaline soil will tend to 
cause precipitation of calcium carbonate and thereby directly affect 
the carbonate surface, the subject of this paper.
Desert plants have been classified in several ways. One of 
these is a classification which groups plants according to their dif­
ferent degrees of tolerance to certain elements in the soil, such as 
alkalies, particularly sodium. Millar and Turk show such a classifi­
cation (Millar and Turk, 1943, p. 113).
This latter classification is very useful and important in this 
study because, as Millar and Turk state, an abundance of sodium ions 
adsorbed onto the colloidal particles in the soil causes "• . .a pud­
dled soil structure which greatly impedes the development of roots and 
the absorption of irrigation water." (underlining by this author) 
(Millar and Turk, 1943, p. 112) Except for the quantity and regular­
ity of application, there is no important difference between irrigation 
water and natural rainwater and snow meltwater. Therefore, the absorp­
tion of "natural" water would also be impeded in such soils.
The dominant plants found on the alluvial fans in this area in­
clude sagebrush, spiny hop sage, shadscale, greasewood, mustard, and 
budsage. Of these, only greasewood is listed by Robinson (1958, p. 68) 
as a common phreatophyte. "Greasewood, * ,has a wide range
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erance to alkali, and, although alkali is not necessary for its 
growth. . ., the plant is characteristic of black-alkali sites" 
(Robinson, 1958, p. 6 8). Black alkali soils are those which contain 
sodium carbonate, Na2C°3* This readily hydrolyzes with water:
Na^COg + 2 ^ 0 ----- ^2NaOH + + COg (Millar and Turk, 1943, p. 112).
The sodium hydroxide, a strong base, attacks any organic material 
present and leaves a dark-colored residue on the surface of the soil, 
hence the name "black alkali" soil. In such soils, characterized by 
greasewood, the sodium cations are adsorbed on the colloidal particles 
present and the movement of water is impeded.
Another important plant in this area is sagebrush, which is, 
according to Millar and Turk (1943, p. 113), a plant whose "growth in­
dicates absence of harmful quantities of alkali." Therefore, where 
sagebrush is the dominant vegetation it can be assumed that little or 
no alkalies are in the soil and because of this, a puddled structure 
cannot develop to impede the movement of near-surface water.
Sampling Methods
The samples of sedimentary material were examined megascopically 
in the field as they were collected to determine color, grain size and 
percentage of each separate*, the main mineral constituents composing 
each separate, whether or not rock fragments were present, their lith­
ologies and characteristics such as roundness, size, and sphericity,
*defined in Appendix A, p. 89
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and whether or not they were coated with carbonate deposits. Dilute 
(1.0 normal) hydrochloric acid was used to determine whether or not 
samples were calcareous.
Two topographic forms are found in the area considered in this 
paper, the valley floor and the surrounding alluvial fans. The valley 
floor, approximately bounded by the 4360-ft. contour line, is underlain 
by various sediments of lacustrine origin composed of silts and clays.
At least one of the clay units contains ostracods. The alluvial fans 
around the valley floor extend in general up to the 4800-ft. contour 
line at the base of the Sonoma and East Ranges.
This paper is not primarily concerned with the valley floor.
As there are hardly any topographic features to guide sampling, the 
valley floor was covered for the most part by a half-mile-square grid 
with auger holes located at the corners of the squares. These holes 
are a uniform 5 to feet in depth. Orchard—type augers (Fig. 8, p.
40) were used and as continuous, undisturbed samples are not recover­
able with these, discontinuous samples were taken from the holes about 
every four inches. Any measurements noted in the logs of these holes 
are accurate to - 2 . 0 inches.
The surrounding alluvial fans were not sampled according to any 
regular geometric grid. Samples were taken at changes in slope, changes 
in texture and tone as shown on aerial photographs, along gullies, and 
in any natural or man-made pit. In addition, any area half a mile 
across or larger which was not sampled for any of the preceding reasons 
was sampled, generally near the middle, to maintain fairly close control
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of the units encountered and the position of the carbonate surface. 
Most of the samples were taken from shovel holes ranging in depth from 
about 15 inches to about 40 inches. A few of the deeper holes were 
augered for either part or all of their depth. A few samples were
Figure 8. Or­
chard-type auger used 
to sample alluvium.
taken from trenches cut down the sides of the steeper gullies. Where 
the sample holes were dug entirely by shovel or were trenched, meas­
urements are accurate to within one inch. Where the augers were used 
(in general, for the holes deeper than 30 inches or so), the limita­
tions on measurements noted in the preceding paragraph apply.
The samples themselves, taken on the alluvial fans, consist of 
the fines along with any colluvial pebbles or cobbles of bedrock from 
the adjacent ranges. In some instances these larger specimens were 
put in separate bags and in others they were included in with the fines 
in one bag.
Samples of the bedrock formations in the adjacent ranges, ae 
identified on the geologic map of the area (Ferguson, Muller and 
Roberts, 1951), Arere taken as a standard for identification of float 




At three locations (B, C, and D, Plate 2, pocket) soil pro­
files developed on the alluvial material were sampled and the electri­
cal conductivity of each sample was determined at 10 inch depth in­
tervals in order to get more information on the process of carbonate 
deposition.
Each sample was thoroughly mixed with distilled water, suction 
filtered, and the filtrate introduced between two electrodes. The 
conductivity of the fluid between the electrodes was measured by a 
Wheatstone bridge type of apparatus and read directly in millimhos.*
A large conductivity indicates the presence of many ions and a small 
conductivity, their absence. In the ground these ions had combined 
to form compounds which were more or less soluble in water. The as­
sumption is that the conductivity of the material varies depending on 
whether water has leached out these compounds or has introduced them, 
decreasing the conductivity in the first case and increasing it in the
4* '4*second. The ions of most concern in this paper are Ca and Mg .
The conductivity profiles shown in Table IV (p. 43) provide 
definite information on the leaching process and capillary effects.
At Rose Creek and Water Canyon, the conductivity "high" just under the 
surface is caused by deposition of Ca and Mg salts from water which is
^defined in Appendix A, p. 89
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TABLE IV







Rose Creek 12 in no 6400 8.0
22 no 6 6 90 8 . 2
32 y e s 3410 8 .6
42 y e s 2 9 2 0 8 .6
' K 54 yes 4 0 8 0 8 .6
Sonoma f a n 10  i n no 150 8 . 8
2 0 y e s 32,000 9 . 0
3 0 y e s 102 8 .6
Water Canyon 10  i n no 9 3 00 O*00
2 0 no 5 9 0 0 8 .4
3 0 y e s 4710 8 .6
4 0 yes 607 0 8 . 8
Conductivity
profiles
1 mm = 100 mmhos
1 ram = 1000 mmhos
1 mm = 100 mmhos
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drawn upward by the dense vegetation at the first site and by cap­
illary forces caused by the extremely fine-grained nature of the mater­
ial at the second. The salts are deposited when the water evaporates. 
The profiles show these effects decrease markedly in the 30-42 inch 
depth range.
At greater depths these two profiles show a second "high" which 
is the result of the leaching and lower deposition of carbonates by 
downward-moving water.
The conductivity profile for Sonoma fan shows that the topmost 
carbonate zone in this area has been deposited mainly by leaching from 
above and perhaps slight capillary action from below. The alluvium 
here is medium-grained and has a light to bare vegetation density where 
the sampling pit was dug, so probably little water is moved upward by 
plant activity or capillary forces. Normal leaching has moved car­
bonate downward to approximately 20 inches, where it has been concen­
trated.
These profiles give some idea of the depths at which leaching 
and capillarity are effective. In general, these two processes oper­
ate quite close to the surface of the ground, as shown by Table IV.
Capillary action is very powerful and can overcome the influ­
ence of leaching even in fairly well-sorted alluvium, provided, of 
course, there are capillary-size pore spaces available. Points like 
A in traverse 1, E in traverse 3, A and D in traverse 5, A in traverse 
6, and others, where the sorting seems to be fairly good yet the car­
bonate surface remains '’high", seem to be explainable on the basis
that all other processes modifying the carbonate surface, including 
leaching, are subordinate to capillarity at these places. And as 
for leaching itself, the consistently alkaline pH values listed in 
Table IV indicate that the process is not 100# effective. Consider­
able leaching of soluble salts still leaves a generally alkaline soil, 
"• • .due primarily to the large Quantities of adsorbed calcium pres­
ent" (Lyon, Buclanan, and Brady, 1952, p. 348).
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ANOMALIES IN THE CARBONATE SURFACE
The traverse samples which were tested in the laboratory 
provide data which help explain local anomalies in the carbonate 
surface. But before these anomalies can be explained, the general 
pattern of the whole carbonate surface must be considered. This 
pattern consists of two parts, the linear trend of the carbonate sur­
face parallel to the ranges bordering the valley, and the rise of the 
carbonate surface relative to ground level from the heads to the toes 
of the fans (see Plate 2» pocket).
In a seniarid area such as this portion of Grass Valley, most 
of the water available to the alluvial fans for leaching purposes 
comes in the spring and early summer of each year when streams, riv­
ulets, and unchanneled runoff enter the sides of the valley carrying 
water from the melting snowpack in the mountains. In other words, 
surface runoff, even though intermittent, is more important as a 
source of water for carbonate leaching in the alluvial fans than is 
direct precipitation throughout the year.
The streams coming from the Sonoma Range are all fairly large 
and equal in size while those from the East Range are smaller but are 
likewise equal to each other in size. This would lead one to expect 
approximately equal runoff from the various parts of each range rather 
than a single stream or group of streams carrying most of the water 
onto the alluvial fans. It is therefore expectable that effects due 
to this runoff be distributed in linear zones approximately parallel
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to the edge of the mountains. As a result, the overall leaching 
pattern of carbonates in the alluvial fans should form a linear trend 
parallel to the flank of each range.
The drainage density* in each range and the relative volumes 
of water entering the valley from either side are reflected in the 
slopes of the first-definite-reaction contours on each side of the 
valley. The linear portion of the contour pattern bordering the So­
noma Range is broad and is located at the very toes of the fans fairly 
far from the base of the mountains. Along the East Range, however, 
the linear portion of the contour pattern is narrower and lies much 
closer to the base of the range. This is a strong indication of the 
fact that the relative volume of water coming from the Sonoma Range is 
greater than that from the East Range and also that individual streams 
are larger in the Sonoma Range.
The other major characteristic, of the whole carbonate leaching 
pattern is the relative rise of the carbonate surface from the heads 
to the toes of the alluvial fans. This is the result of two factors. 
One of these is the initial distribution of carbonates (deeper beneath 
the fans than under the valley floor) and the other is the effect of 
soil chemistry on the leaching process.
The vegetation map (Plate 1, pocket) shows that with few excep­
tions sagebrush grows predominantly on the upper parts of the alluvial 
fans bordering the ranges. Since the sagebrush indicates a low alkali
^defined in Appendix A, p. 89
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content in the alluvium of this portion of the fans, an alkali im­
pedance* to the movement of near-surface water cannot develop here 
and carbonate leaching can occur. As the water moves downhill to­
ward the valley floor through the fans, it encounters an increasing 
amount of alkalies adsorbed on colloidal material (greasewood comes 
in and sagebrush fades out) and its free movement is impeded more and 
more. Therefore, at the heads of the fans, near-surface water has a 
greater chance to move carbonate compounds downward through the fan 
materials, while near the toes of the fans this movement of carbonates 
is greatly lessened or stopped altogether. From this, one would gen­
erally expect the carbonate surface to rise, as it does, with respect 
to the ground surface as the fans are traversed from head to toe.
Traverses 1 and 2
These two traverses are grouped in the northeast corner of the 
area and are considered together because their Qualitative Comparisons 
show similar relationships resulting from the same or similar pro­
cesses operating in the area of one major anomaly in the carbonate 
surface. This is the large, distinct salient in the carbonate surface 
away from the Sonoma Range (Plate 2, pocket). The cumulative curves 
and cross-sectional diagrams are shown on pages 49 to 52.
The Qualitative Comparisons of these traverses show the fine­
grained material to be consistently better sorted than the coarse­
grained. This difference in the degree of sorting is the major factor
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QUAL ITAT IVE COMPARISON
in determining the vertical configuration of the carbonate surface 
shown by the cross-sectional diagrams. The carbonate "lows" all occur 
in areas of fine-grained, well-sorted alluvium which readily allows 
the downward movement of near—surface water, carrying in solution car­
bonate compounds dissolved from near the surface, and the lateral 
movement of water absorbed by the fan material as it comes from the 
nearby canyons in the Sonoma Range during time of flow.
This lateral movement of water is probably the major factor in 
determining the lateral configuration of the carbonate surface in this 
area. The dendritic pattern shown converges on the present mouth of 
Thomas Canyon. It is suggested, therefore, that the lateral config­
uration of the carbonate surface has been produced by present and past 
intermittent drainage from the canyon. The main path of water flow 
probably moved sideways over the fan surfaces; the most recent movement 
was from north to south. This direction can be ascertained as follows.
The northern extension of the salient in the carbonate surface 
extends out under an area presently covered by sand dunes ranging from 
five to ten feet in thickness. They are composed of very well-sorted, 
permeable sand which quickly absorbs any moisture that comes in contact 
with them. But their thickness is so great compared to the small 
amount of moisture available to them that they effectively stop the 
valley floor beneath from receiving any downward-moving water, regard­
less of their permeability. Eventually, of course, if enough water was 
available to fill all the pores in the entire mass of sand, some water 
would be absorbed by the underlying material of the valley floor and
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would probably leach the carbonates in it downward.
If the amount of water available to this local area has been 
small for some time, as it is presently, then the northern extension 
of the salient in the carbonate surface must have been formed by 
leaching prior to burial of the area by the sand. Of the two exten­
sions in the salient, one is now covered by sand dunes and the other 
is not. Trains of dunes here and north of Winnemucca can be seen to 
be migrating from west to east across the valleys. That is, areas to 
the east and south of the dunes at the present time are not covered 
with sand and have not been covered in the immediate past. Therefore, 
the northern extension, covered by dunes, must have been formed first. 
Then, as the main path of water movement from the canyon shifted south­
ward to the area east of the present Grass Valley Farms (A on the car­
bonate diagram, Plate 2, pocket), a wet spot in the valley fill was 
caused that is known from very recent times (Ed Naphan, personal commun­
ication). At the present time, however, no such wet area can be seen 
in the field, although evidence of it is visible on aerial photographs.
It is believed that this sequence: carbonate lowering in an 
area, covering of the area by sand dunes, and subsequent carbonate 
lowering in an adjoining area is best explained by the lateral shifting 
of intermittent streams on the alluvial fans. This is one of the pro­
cesses stated by Rich (1935, p. 1003) as being important in modifying 
an alluvial fan, although not too important in the formation of such 
a landform.
The soil, chemically and physically, has also strongly affected
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the distribution of carbonate in this area. This is indicated by the 
vegetation map (Plate lt pocket) which shows that in the vicinity of 
Thomas Canyon a dense growth of sagebrush covers the alluvial fan 
from head to toe. This indicates the lack of alkalies throughout the 
fan, except possibly in very small amounts (Millar and Turk, 1943, 
p. 113). So, the entire fan allows relatively free downslope circula­
tion of near-surface water without any alkali impedance. However, 
this water from the Sonoma Range probably only maintains the initial 
distribution pattern formed by intermittent stream flow from Thomas 
Canyon and does not materially change it because it cannot work effec­
tively against the forces of colloidal adhesion and capillarity, which 
tend to keep the carbonate surface stationary or even to raise it.
This is because gravity, which is the force involved in the leaching 
process, is not as strong as the forces of colloidal adhesion and cap­
illarity. Examples of this situation can be seen at several places 
on the valley floor (e.g., MA" of traverse 1, "A" and "D" of traverse 
5) where the sorting is relatively good yet the carbonate surface is 
still at or very close to the land surface because the fine-grained 
material on the valley floor has smaller pore spaces, the curvature 
of each water particle in these spaces therefore increases causing the 
capillary pressure to increase and, as a result, the water becomes ex­
tremely difficult or even impossible to move (Levorsen, 1956, pp. 434- 
435).
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Traverses 3 and 4
These traverses intersect a large recess toward the Sonoma 
Range shown by the carbonate pattern immediately south of the pre- 
ceding anomaly (Plate 2, pocket)* The cumulative curves and cross- 
sectional diagrams are shown on pages 57 to 61.
Again, the two Qualitative Comparisons show the fine-grained 
material to be generally better sorted than the coarse-grained, and 
the "lows" in the carbonate surface are again located in areas of this 
fine-grained, relatively well-sorted alluvium. Where the sorting is 
poorer, the alluvium tends to be coarse-grained and the carbonate sur­
face is nearer the land surface due to decreased downward percolation 
of and leaching by near-surface water.
The distribution of well-sorted and poorly-sorted alluvium is 
such as to cause the recess in the carbonate surface. The actual dep­
osition and sorting of the alluvium was no doubt accomplished by near­
surface water moving laterally from the major canyons in the nearby 
Sonoma Range. This explains the lateral configuration of the carbonate 
surface, but in cross-section, something quite different becomes appar­
ent.
The close correspondence of the recess in the carbonate diagram 
with tonal differences on the aerial photo of the area is very striking. 
The tonal differences form a cone-shaped, fan-like pattern with its 
apex at the mouth of Dry Canyon. This pattern, which is not due to 
vegetation (the entire area is covered predominantly by sagebrush), 
must be due then to different degrees of dissection of the fan surfaces
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by surface water. This photographic evidence, plus the extremely 
steep gradient in the carbonate surface at the southeast end of trav­
erse 3 and the accompanying sudden change in grain size (median sizes 
change from 0.055 mm to 1.75 mm) in 60 or 70 feet, is taken as an in­
dication of the fact that the alluvial material in front of Dry Can­
yon is considerably younger than the material on either side. Because, 
as has been shown, more or less gradual differences in the depth of 
leaching can be correlated with subtle differences in the degree of 
alluvial sorting. However, the sudden and extreme change in depth of 
leaching and in grain size at the southeast end of traverse 3 is taken 
to indicate that the leaching process has not yet had time to "smooth 
out" the steep gradient, i.e., the material has not been there for a 
long enough time. In other words, it is a younger alluvial fan, formed 
on an older fan probably by a mudflow or series of mudflows. ^Immedi­
ately after deposition, a small but sharp difference in elevation prob­
ably existed along the edges of the mudflow, judging from Blackwelder's 
description of such deposits in the process of formation (Blackwelder, 
1928, p. 467). Until the area could be dissected and this difference 
in elevation erased, it would act as a partial "channel" for later dis­
charge from Dry Canyon. These two "channels", one on either side of 
the mudflow deposits, would tend to localize whatever water became 
available, forming two linear belts of improved sorting which are shown 
by the Qualitative Comparisons on the cross-sectional diagrams for 
traverses 3 and 4. These two linear belts are visible on the fan today 
as major gullies of the area.
Although the northwest end of traverse 3 probably does not in­
tersect the edge of the old mudflows, similar relationships are shown 
here and also by traverse 4, located farther downslope in the same 
area.
The aerial photographs of the area show the toes of these young 
fans to be scalloped by old lake shorelines. Therefore, these fans, 
the youngest in the area studied, were formed before the last lake 
stage in Grass Valley at the latest, and if the shorelines belong to 
a previous stage, they are even older. This shows that, except for 
minor changes, alluvial fan formation is not an active process in 
northern Grass Valley at the present time, for if it were, these lake 
shorelines would probably be buried under younger alluvium.
Blackwelder states that mudflows are the agent responsible for
the deposition of alluvial material with such sharp, distinct bound-
, v
aries as this fan exhibits. As conditions of formation of mudflows 
he includes dry climate, intermittent rainfall, abundant when it does 
occur, and canyons mostly barren from vegetation. This is a very good 
description of this area of Grass Valley, in which one of Blackwelder• s 
"proofs" of mudflow operation is found. That is the presence of large 
boulders resting on top of the alluvial surface, scattered about fair­
ly far from the base of the mountains (Fig. 9, p. 64) (Blackwelder, 
1928, p. 465).
Traverse 5
This traverse intersects the only distinctive feature of the
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carbonate surface occurring on the floor of the valley, a "trough" 
(Plate 2, pocket). The cumulative curves and cross-sectional dia­
gram are shown on pages 65 and 66. The convex upward shapes of the
Figure 9. A mudflow- 
emplaced boulder on the al­
luvial fan in front of Dry 
Canyon in the Sonoma Range.
cumulative curves for this traverse indicate there is a larger per­
centage of coarse-grained material and a smaller percentage of fines 
than were found in other samples.
However, despite this general increase in median grain size, 
capillary effects are still very important in determining the verti­
cal configuration of the carbonate surface. That capillarity is ef­
fective is shown by the common white films of salts on the ground sur­
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and deposited when the water evaporated (Lyon, Buckman, and Brady,
1952, p. 354). This effect probably does not extend to great depths 
according to Baver (1942, p. 379) and as was shown by the conductivity 
measurements (p. 42).
There are two explanations for the trough itself, neither of 
which can be proved conclusively with the evidence available. It is 
possibly a remnant of an old drainage system coming from Thomas Canyon, 
as is the salient in the carbonate surface intersected by traverses 1 
and 2 with which the trough is partly aligned. Or, the trough may 
mark the approximate location of a temporary lake shoreline formed as 
the lake withdrew from south to north. Perhaps it paused long enough 
at this location during its withdrawal to cause a slight reworking of 
the material, which, in turn, has led to the formation of the trough.
The trough is aligned at both ends with drainage-caused anomalies. The 
reason for this is unknown. If the trough does mark an old lake shore­
line, why would the lake pause here and cause this alignment rather 
than pausing somewhere else?
Traverse 6
This traverse, located in the southeast part of the area, was 
run across one of several "basins” in the carbonate surface to deter­
mine, if possible, the factors leading to the formation of such "basins." 
(Plate 2» pocket) The cumulative curves and cross-sectional diagram 
are shown on pages 68 and 69.
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sorting is not very important along this traverse but that capillarity 
and vegetation effects are. The opposite ends of the traverse both 
show 0 inches depth-to-carbonate because of upward emplacement of these 
compounds by capillary water which completely hides any effects due to 
variations in sorting. Also, the more abundant grasses in the vegeta­
tion here are effective in returning Ca++ and other bases to the soil, 
thus helping to keep the carbonate surface right at the land surface 
(Lyon, Buckman, and Brady, 1952, p. 348-349).
Two general processes of formation of such "basins" are possible 
Either the whole carbonate surface was high and some very localized 
agent operated to overcome capillarity and vegetation effects and lower 
the surface into "basins", or the whole carbonate surface was low and 
it was raised everywhere by capillarity and vegetation except in the 
area of the "basins." Which of these is the actual case cannot be told 
from the available information. The area is level, has an almost con­
stant elevation, little or no relief, uniform vegetal covering, and the 
alluvium itself shows no significant variations either in mineralogy 
or sorting. Perhaps texture, pore space, and colloidal matter, things 
not considered in detail in this paper, are important. As Swinnerton 
states concerning consolidated limestone: "• • .the physical char­
acteristics of rocks may be significant in explaining variations in 
solubility. Texture, pore space, and the presence of colloidal matter 
or other impurities may eventually be found to be effective" (Swinner­
ton, 1942, p. 660). Such considerations would no doubt apply to the
alluvium of Grass Valley, too. A very gen-unconsolidated, calcareous
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eralized possible history of such a feature might be as follows.
The "basin" ig perhaps the result of several different processes 
acting in the area. The aerial photos show lake shorelines about 1.5 
miles to the north which would, if extended as a straight line, pass 
just northwest of the "basin." The shorelines have been covered or 
destroyed in the area of the "basin" by later alluvium of Sonoma fan.
It is possible that the initial irregularity in the carbonate surface 
was associated with the shoreline of the lake and therefore with the 
lake itself. The present "basin", if connected with two other similar 
features to the northeast (see Plate 2, pocket), would form a linear 
feature parallel to the shoreline on its landward side. Perhaps ini­
tially, an inflow of water to the lake at this spot or an irregularity 
in the shoreline itself could have been responsible for the formation 
of such a "basin" in the carbonate surface, with later alluviation on 
the Sonoma fan producing the subcircular shape seen today. Deposition 
of alluvium along the main drainage channel of the fan would produce 
a narrow, linear, "high" belt in the carbonate surface either because 
there has not been time for leaching to occur or capillary effects have 
not allowed leaching to operate. Such "high belts" would dissect a 
linear depression in the carbonate surface and form a series of more 
or less circular "basins." The fact that alluviation occurs in narrow 
belts and not evenly over the whole surface of the fan indicates that 
change of channel is not a continually progressing, but an uneven, 
spasmodic process. As alluvium is deposited in a channel, it becomes 
eventually blocked and a breach occurs elsewhere during the next time
72
of flood, creating an entirely new channel.
Traverses 7 and 8
These two traverses in the northwest part of the area were 
studied to determine the causes of the salient in the carbonate sur­
face away from the East Range (Plate 2, pocket). The cumulative curves 
and cross-sectional diagrams are shown on pages 73 to 76.
The cross-sectional diagram of traverse 8 shows approximately 
half of the salient in the carbonate surface, which is similar to a 
spoon-shaped depression. Variations in alluvial sorting have contrib­
uted to the lowering of the carbonate surface, but the deepest part of 
the depression (between A and B on the cross-sectional diagram) is a 
result of differences in microclimate. The aerial photo of the area 
shows this part of the traverse to be mostly on the north-facing slope 
of a small stream gully carved by a fairly large though intermittent 
stream from the adjoining East Range and by numerous smaller rivulets. 
Because of this northward orientation with its decreased exposure to 
the sun, water introduced onto the slope from any source is not evap­
orated so quickly and is available for leaching a greater length of 
time. And appreciable quantities of water are available from the 
stream and rivulets, all of which come from a major canyon in the East 
Range. A visible effect of this difference in microclimate is shown 
in a different area farther south along the range by the distinctive
vegetation pattern shown in Pig. 4, p. 33.
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ably results mostly from the initial carbonate distribution as dis­
cussed on pages 9 and 10, somewhat displaced toward the valley because 
of the anomaly intersected by traverse 8. Leaching no doubt contrib­
uted to the lowering of the carbonate surface along traverse 7, but it 
is not directly responsible for the configuration shown.
Both traverses are too "high up" on the fans for upward emplace­
ment of carbonates because of capillarity to be important. The alluv­
ium is too coarse-grained for this to be a major process here.
Traverses 9 and 10
These two traverses are in the southwest part of the area and 
intersect a large, irregular "basin" in the carbonate surface (Plate 2, 
pocket). The cumulative curves and cross-sectional diagrams are shown 
on pages 78 to 82.
Traverse 9 is apparently unaffected, except generally, by any 
drainage from the East Range coming into the area. Water from this 
source possibly helps to maintain the present configuration of the 
carbonate surface which was formed in response to other processes.
The valley-ward "rise" of the carbonate surface from the northwest to 
the southeast is part of the regional carbonate pattern and is the 
result of the initial carbonate distribution (high under the valley 
floor, lower under the fans, see pp. 9-10) and the increasing impor- 
tance of upvard carbonate emplacement by capillarity no the increas­
ingly finer-grained material of the valley floor is approached. The 
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result of some local effect, possibly capillarity, although the ma­
terial might be too coarse-grained (2.78 mm) for this to be effective.
Traverse 10 shows a very interesting relationship. The aerial 
photo of this area shows a distinctive linear feature which is un­
mistakably a lake shoreline. Closely-spaced auger samples taken across 
the feature confirm this. At A on the traverse, normal silt and fine­
grained sand was found as in other alluvial fans of the valley. At 
B, the sample was similar with a few pebbles toward the bottom of the 
hole. At C and D, coarse sand, pebbles, and gravel were encountered, 
just as one would expect along a shoreline zone. The samples here 
were very difficult to collect by auger because they kept dropping out 
of the bottom as it was removed from the hole. From experience, the 
writer found such "lost samples" to be characteristic of pebble-size 
gravel (4-64 mm, Wentworth grade scale) which contains very little finer 
material to hold the mass together. The cumulative curves of C and D 
indicate this lack of fines by their somewhat more rapid rise compared 
to the three other curves in the -2 to 0 phi range (cumulative curves,
P . 81), which is caused by their relatively greater proportion of 
coarser-grained material. This improved sorting, shown by the highest 
peak on the sorting curre of the Qualitative Comparison (p. 82), is a 
result of the removal of fine material by water along a shore tone, 
something that is characteristic of present-day beach gravels as veil 
(Pettijohn, 1957, p. 248). At E on the traverse, silt and clay is en­
countered, characteristic of lake deposits found all over this north- 
ern portion of the floor of Grass Valley.
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The rise of the carbonate surface from A to B, occurring right 
at the toe of the alluvial fan, is no doubt part of the original dis­
tribution pattern of the carbonate compounds. It is suggested here 
that the drop and second rise of the carbonate surface along the rest 
of the traverse is a kind of "nickpoint" formed initially by leaching 
by lake waters. After the lake withdrew, capillarity and vegetation 
effects brought the carbonate surface up to the surface of the valley 
floor again (D to E on the traverse), but was unable to do so at C and 
D because the coarse-grained material here, with its larger pore spaces 
and relative lack of fines made capillarity ineffective, so the carbon­
ate surface remained low. Except for this "nickpoint", a glance at 
the Qualitative Comparison curves (p. 82) shows that the quality of 
sorting has not influenced the configuration of the carbonate surface 
to a major degree in this area.
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SUMMARY AND CONCLUSIONS
The carbonate surface at traverses 1 and 2 has been modified 
mainly by an old drainage system coming from Thomas Canyon in the 
Sonoma Range. Variations in the degree of alluvial sorting and the 
low content of alkali adsorbed on colloidal size particles are major 
contributing factors to the configuration of the carbonate surface in 
this area.
Traverses 3 and 4 intersect a feature in the carbonate surface 
interpreted as indicating a mudflow of relative younger age than the 
material on either side of it. Lateral movement of water toward the 
valley from the near-by Sonoma Range and the variable degree of alluv­
ial sorting have been major factors affecting the carbonate surface.
The '’trough" in the carbonate surface intersected by traverse 
5 was probably formed either as a remnant of the drainage system from 
Thomas Canyon which is intersected by traverses 1 and 2» or as a re­
sult of a temporary shoreline during the time of withdrawal of the 
lake from the area.
Traverse 6 intersects an anomaly of unknown origin. The "basin" 
in the carbonate surface) along with two others to the north—northeast 
perhaps were initially formed as a result of some lakeshore feature.
The anomaly intersected by traverse 8 results from increased 
soil moisture that is present because of differences in microclimate 
caused by local relief. Laterally-moving water from the near-by East 
Range supplies the moisture initially. Traverse 7 shows the carbon-
ate surface caused by the initial distribution of carbonate compounds, 
moved toward the valley somewhat by the anomaly intersected by traverse 
8.
Traverse 9 intersects a broad "basin’' in the carbonate surface 
that is the result of the initial distribution of carbonate compounds, 
with local variations probably produced by capillarity. Traverse 10 
very clearly shows the location of an old lake shoreline, with the con­
figuration of the carbonate surface being modified by later capillary 
effects.
In general, upward emplacement of carbonate compounds by cap­
illarity becomes more important as one approaches the valley floor irom 
the alluvial fans. This is a natural result of the decreasing grain 
si®« of material and the corresponding decrease in size of pore spaces,
which cause an increase in capillary forces.
Such a carbonate diagram as is presented in this paper (Pig. 11, 
pocket) is useful in unraveling the recent geologic history of a serai- 
arid area such as northern Grass Valley. It helps determine different 
ages of alluvial fan formation, determine the configuration of old drain 
age systems, and can be used to trace old lake shore zones through areas 
where they are not visible on aerial photographs.
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The following list of terms, defined as used in this paper, 
is included for the convenience of the reader. Most of them are 
terms from the soil sciences. Geologic terms are generally not in­
cluded except where their meanings might be considered vague or where 
the terms are applicable to a variety of situations.
ALKALI IMPEDANCE: Decreased water movement through a soil because 
of sodium ions adsorbed onto colloidal particles.
ALKALI SOIL: "A soil containing alkali salts, usually sodium carbon­
ate or in which the colloidal complex contains a large amount of 
sodium, with a pH value of 8.5 or higher.- (Millar and TurTc, 1943,
p. 431)
CARBONATE SURFACE: The top surface of the uppermost zone (where there 
are more than one) of carbonate concentration occurring beneath 
the alluvial fans and valley floor in the area discussed in this 
paper. This surface is shown graphically by Plate 2 (pocket). 
DRAINAGE DENSITY: The number of streams per unit area of land surface, 
the greater the density, the greater the volume of water passing 
through an area and vice-versa.
EFFECTIVE GRAIN SIZE: The . i «  fi»« 90* °f the
coarser than 10J6 of it. (Baton, A. (IS95) "The Filtration of
cited by Tertaghi, K., 1942, p. 331.)Public Water Supplies"
00
FIRST DEFINITE REACTION: The sudden increase in reactivity between 
alluvium and 1.0 normal hydrochloric acid, measured as a depth 
below ground level, in inches. A slight reaction may be noted 
above this point, but at the first definite reaction, an obvious 
and vigorous bubbling and "popping" occurs.
MHO: The unit of electrical conductivity; reciprocal of resistance
expressed in ohms; raraho = raillimho * 0.001 mho.
MILLIMH0: See "mho."
PED: A term used by soil scientists to denote any general aggregation
of soil material; sometimes named by shape, e.g., "blocky ped", etc. 
PUDDLE: "To deflocculate or to destroy the granular structure of the
soil." (Millar and Turk, 1943, p. 437)
SEPARATE: See "soil separate."
S : The "sorting index"; another name for the geometric quartile
deviation of a cumulative curve of a sediment in which cumulative 
weight percent is plotted against grain size on semi-log paper;
mathematically defined in Appendix B, p. 91.
SOIL SEPARATE: "One of several groups of soil particles having definite
size limits." (Millar and Turk, 1943, p. 437)
VEGETATION DENSITY: Defined on pp. 34-36.
APPENDIX B 
SAMPLE CALCULATIONS
The following form illustrates the method used to calculate the 
values of median grain size, sorting index, and logarithm of sorting 
index shown on all the cross-sectional diagrams. All the necessary- 
data were obtained from the cumulative curves included in this paper.
Median grain size: Obtained by direct comparison.
millimeters
2 0 i 0 8 4 2 1 0 .5 (.30 to <=> .1
n z : _____ 1____
-4 -3 -2 -1 0
phi —
Sorting index, Sq j
sorting index
sorting index (mm, "geometric quartile deviation") - 
antilogarithm (0.301 Sq)
Logarithm of sorting index: These values, to three significant 
figures, were obtained from a slide rule. Sorting indexes cannot be 
compared directly, but their logarithms can, i.e., a sediment with 
loe S ■ 0.4 is twice as well sorted as a sediment witu log So= 0.8. 
(Sorting improves as SQ approaches 1.0, log Sq approaches 0.)
Reference: Krumbein and Pettijohn, 1938, pp. 233-234.
(phi) „ 75$ quartile (phi) - 25% quartile (phi)
